ABSTRACT: Neonatal dexamethasone (DEX) for chronic lung disease is associated with adverse outcome. We compared behavioral and motor development at school age of children who neonatally received DEX to children neonatally treated with hydrocortisone (HC) in a retrospective matched cohort study. DEX-and HC-treated groups matched for gestational age, birth weight and year, gender, and severity of respiratory distress syndrome were compared with a reference group (REF) S everal studies have reported long-term adverse effects of neonatal DEX therapy for CLD on cognitive and motor development (1-3). A recent randomized double-blind trial of Yeh et al. (4) including 146 children revealed that early postnatal DEX treatment was associated with adverse effects on neuromotor and cognitive functions at school age. Because there is increasing evidence of long-term adverse side effects, clinicians have become more reluctant to use GC therapy in preterms at risk for CLD (5-7). However, because GC significantly decreases the incidence of CLD, it may be useful in some circumstances and further investigation of the use of GC in CLD seems mandatory to reduce severe CLD (8,9). Despite suggestions to use less potent GC such as HC (10,11), DEX is still the most frequently used GC in preterm CLD (2,12). Our neonatal intensive care unit (NICU) is one of the few NICU centers that uses HC for prevention of CLD. We recently reported the results of a small retrospective study in which we compared neonatally HC-treated children of our own NICU with DEX-treated children admitted to another Dutch NICU. We found no difference in clinical efficacy (reduction of extra oxygen need and weaning from the ventilator) between HC and DEX, but found that DEX-treated children had an inferior school performance at 5-7 y of age compared with HC-treated children (13).
S
everal studies have reported long-term adverse effects of neonatal DEX therapy for CLD on cognitive and motor development (1) (2) (3) . A recent randomized double-blind trial of Yeh et al. (4) including 146 children revealed that early postnatal DEX treatment was associated with adverse effects on neuromotor and cognitive functions at school age. Because there is increasing evidence of long-term adverse side effects, clinicians have become more reluctant to use GC therapy in preterms at risk for CLD (5) (6) (7) . However, because GC significantly decreases the incidence of CLD, it may be useful in some circumstances and further investigation of the use of GC in CLD seems mandatory to reduce severe CLD (8, 9) . Despite suggestions to use less potent GC such as HC (10, 11) , DEX is still the most frequently used GC in preterm CLD (2, 12) . Our neonatal intensive care unit (NICU) is one of the few NICU centers that uses HC for prevention of CLD. We recently reported the results of a small retrospective study in which we compared neonatally HC-treated children of our own NICU with DEX-treated children admitted to another Dutch NICU. We found no difference in clinical efficacy (reduction of extra oxygen need and weaning from the ventilator) between HC and DEX, but found that DEX-treated children had an inferior school performance at 5-7 y of age compared with HC-treated children (13) .
We therefore hypothesize that neonatal GC treatment for prevention or reduction of CLD with HC is a safe alternative for DEX regarding behavioral performance and motor developmental outcome. We therefore investigated behavioral and motor development at school age (7-10 y of age) in a retrospective matched cohort of four groups: 1) a reference group not treated with GCs either prenatally or postnatally; 2) a group treated with prenatal BMETH only; 3) a study group treated with DEX; and 4) a study group treated with HC. Although we tried to match the REF and the BMETH groups with the HC and DEX groups, this was not possible for gestational age and severity of infant respiratory distress syndrome. The REF and BMETH groups were more mature and heavier at birth and had less severe respiratory distress syndrome. The BMETH group was included because most of the children who received neonatal GC treatment had also been exposed to BMETH antenatally. This allowed us to assess the separate effect of BMETH antenatally.
PATIENTS AND METHODS
The study population of this retrospective matched cohort study consisted of prematurely born infants admitted between December 1993 and July 1997 to the NICUs of the University Medical Centre/Wilhelmina Children's Hospital Utrecht, the Leiden University Medical Centre, the Free University Medical Centre Amsterdam, and the Isala Clinics Zwolle in the Netherlands. The study was approved by the Medical Ethics Committee of the University Medical Centre/Wilhelmina Children's Hospital Utrecht and the Scientific Boards of the four participating Hospitals. Written parental consent was always obtained. The NICU of the University Medical Centre/Wilhelmina Children's Hospital Utrecht exclusively used HC therapy to reduce CLD in a course starting with 5 mg/kg/d and tapering off to 1 mg/kg/d over a 22-d period, whereas the other NICUs used a course of DEX for this purpose, starting with 0.5 mg/kg/d and tapering off to 0.1 mg/kg/d over a 21-d period. In all centers, the course was sometimes extended or shortened, depending on the response and side-effects of therapy. Treatment indication in the respective hospitals was in all instances the impossibility to wean the infant from the ventilator together with prolonged dependency on extra continuous oxygen, based on the initial phase of CLD. In addition to these two neonatal GC groups, a group of antenatally BMETH-treated preterm born infants (12 mg intramuscularly, given to the mother twice, with an interval of 24 h, the last dose being administered at least 12 h antepartum) and a REF group of preterm infants who did not receive ante-or neonatal GC was added for comparison to fetuses and infants perinatally treated with GCs.
Study groups. Eligibility for inclusion in one of the study groups was as follows: 1) surviving the neonatal period; 2) availability to participate in the study protocol as indicated below; 3) neonatal cerebral ultrasound showing maximal a grade II periventricular hemorrhage as classified according to Papile et al. (14) ; and 4) absence of major congenital anomalies. Infants with cystic periventricular leukomalacia diagnosed before the start of GCtreatment were also excluded. With 52 children in each group, it should be possible to detect a mean group difference of 45% in the total child behavioral checklist (see below), assuming an ␣ (2-sided) of 0.05 and power of 0.80. The HC and DEX groups were composed as follows: The charts of all consecutively admitted preterm infants born after less than 32 completed weeks of pregnancy in the respective participating NICUs were systematically reviewed. From the NICU of the Wilhelmina Children's hospital, in which only hydrocortisone was used, 131 infants meeting the entry criteria were treated with HC during the defined period of time. The DEX group, recruited in a similar way as the other three NICUs, which used only DEX for reduction of CLD, consisted of 198 eligible infants. To better ensure that possible differences in outcome between HC-and DEX-treated babies were related to the different choice of GC and not to differences in clinical management between the hospitals, we looked for gestational age, inborn/outborn ratio, periventricular/intraventricular hemorrhage (grade I, II), postnatal age at the start of GC treatment, incidence of neonatal sepsis, and necrotizing enterocolitis between the selected HC and DEX children. No difference was found between the groups for any variable. Ultimately, we were able to reliably match 52 individuals from the HC group and 52 from the DEX group for gestational age, birth weight, gender, severity of infant respiratory distress syndrome [classified as no, moderate or severe RDS according to clinical symptoms and the Giedeon classification (15)], whether or not a minor periventricular/ intraventricular hemorrhage (grade I and II) existed and the year of birth. The 52 selected HC children in this study did not significantly differ from the 79 nonselected HC children for gestational age, birth weight, gender, severity of infant respiratory distress syndrome, the incidence of periventricular/ intraventricular hemorrhage (grade I and II), or postnatal age at the start of GC treatment. This was also true for the 52 children of the DEX cohort versus the 146 nonselected DEX children. Also, the incidence of prenatal GC did not differ between included and nonincluded HC or DEX children.
Fifty-two participants in the antenatally BMETH-treated group and the 52 in the REF group were also recruited from the four participating NICUs. The REF and BMETH groups consisted of prematurely born babies who were not treated postnatally with glucocorticoids, did not have periventricular leukomalacia or major peri-/intraventricular hemorrhage (grade III or more) and no other major complications during the neonatal period. Although we tried to match these latter two groups for gestational age and birth weight with a DEX-HC-couple, this was not always possible. Also, severity of respiratory distress syndrome was less in the REF and BMETH groups.
Study protocol. To eliminate interobserver variability, one follow-up team evaluated all study patients. The team consisted of a neonatologist, a researcher, and a research nurse. The researcher was supervised by the neonatologist and educated before the start of the study to perform a medical evaluation including weight, length, blood pressure, a short orientating neurologic examination that was classified as either normal, minor abnormalities or abnormal (e.g., cerebral palsy), and to take the Movement Assessment Battery for Children to assess motor function (see also below). The follow-up team was unaware in which group the child was participating. For this occasion, the participating children were invited to visit the Wilhelmina Children's Hospital accompanied by at least one parent.
Behavioral performance at school age. For this purpose, the Child Behavioral Checklist (CBCL) for ages 4 -18 y was used (16) and should be completed by the mother and the father. The list consists of 118 items recalling behavioral problems that can be scored on a 3-point or a 2-point scale. Items include internalizing (somatic complaints, anxiety and depression) and externalizing [delinquent (i.e. rule-breaking) and aggressive] behavior, social problems, and thought and attention problems. There is a total score available in this test for behavioral problems. The teachers of the participants of the present study were asked to fill out the Teacher's Report Form (TRF), which consists, like the CBCL, of 120 items related to the above mentioned problems. The scales of the TRF items are similar to those of the CBCL, as is also the case with the total score. Additionally, data were gathered with respect to the educational status of mother and father.
Assessment of neurologic and motor functions. The ABC Movement was used to assess functional motor skills. The ABC Movement consists of four scales, i.e. manual dexterity (function of one hand, coordination of two hands, hand-eye coordination), ball skills (one-hand bounce, ball in box), static (balance task) and dynamic balance (capacity to perform quick and brisk movements, slow movement, heel-to-toe walking), and the total motor impairment score (17) . Manual dexterity measures subtle motor function; ball skills measure subtle and gross motor function; static and dynamic balance measures gross motor function. For each task, a score is given for performance, partly depending on age. The total impairment score is the sum of all scores; the lower the score, the better the performance.
Statistical analysis. Data are summarized as mean Ϯ SD or as median and ranges where appropriate. Differences in clinical data, important general follow-up data of the children and of the social economic status of mother and father were compared with one factorial ANOVA, followed by a posthoc Bonferroni test if a significant difference was detected, or 2 test when categorical variables were compared.
To investigate the treatment effect on behavior at 7-10 y of age, an ANCOVA was done in which treatment and gender were included as independent factors and the different scores of the CBCL as dependent variables, followed by a posthoc Bonferroni test. Because gestational age and birth weight were different between DEX and HC groups on the one hand and antenatal BMETH and REF groups on the other (see Results), this procedure was corrected for gestational age. Age on the day of testing was also used as a covariate. For a more detailed assessment of possible differences between boys and girls, a separate ANCOVA was performed for boys and girls.
To investigate the difference in behavioral problems between the four groups, we applied a 2 test to test the assumption of equality of percentages of children above or under the clinical cut-off score in the four groups in which the T-score was used (cut-off point: 67, and for internalizing, externalizing and total score: 60; see also Achenbach (16) .
Special education between the treatment groups and/or between boys and girls was compared with a 2 test for all studied children together and also separately for boys and girls.
To investigate possible differences between groups with respect to motor development, ANCOVA was used with group and gender as independent variable and the score on the different ABC Movement scales as dependent variable, with the posthoc Bonferroni test. Again, this analysis was corrected for gestational age and age on the day of testing.
All statistical analysis was performed using SPSS 12.0.1 (SPSS Inc., Chicago, IL). Statistical significance was assumed for p Ͻ 0.05. DEX and HC group were comparable for all measures, the REF and BMETH-groups were larger, more mature, and less ill.
The general characteristics of the children at follow-up age are provided in Table 2 . When measurements were corrected for age at measurement, the neonatally DEX-treated children were comparable in body weight, head circumference, and height to the other three groups. No differences in blood pressure (measured at rest) were detected between groups.
Assessment of behavioral problems and school performance with the CBCL and TRF. The CBCL scores were similar between groups, however, TRF scores were significantly higher in the DEX-treated girls compared with the girls in all other groups. For boys there were no group differences. Analysis of the TRF subscales showed that girls from the DEX-group had significantly more social problems, attention problems, internalizing behavior (withdrawn behavior) or externalizing (delinquent and aggressive) behavior and general behavioral problems compared with the other groups (Fig. 2) . For internalizing behavior, DEX-girls only differed from REFgirls, but not from HC-or BMETH-girls (Fig. 1) . The boys and girls in the HC group did not differ from the boys and girls in the BMETH or REF group for any of the TRF items. Due to the small number of children that did not receive BMETH prenatally in both the DEX and HC groups (see Table 1 , Ͼ70% were BMETH-treated in each group), we could not reliably perform a subanalysis of the difference between children that were and were not prenatally treated with BMETH in these groups.
As expected, the CBCL showed important differences between sexes in general. CBCL data from the mother showed more concentration problems (p Ͻ 0.05), externalizing behavior (p Ͻ 0.01 and p Ͻ 0.05) and sexual problems (p Ͻ 0.05) in boys compared with girls. Externalizing behavior was also significantly different between sexes in the CBCL data of the father: (aggressive and offensive behavior; p Ͻ 0.01 and p Ͻ 0.05). The TRF showed more concentration problems (p Ͻ 0.01), and externalizing behavior (p Ͻ 0.01) in boys compared with girls.
When examining differences between groups for behavioral problems according to clinical cut-off values used for the CBCL, no differences were found between groups when relying on the CBCL filled out by father and mother. However, the TRF showed a significantly higher percentage of children in the DEX group with internalizing behavioral problems according to clinical criteria compared with the other groups (p Ͻ 0.05). 
NEONATAL DEXAMETHASONE VS HYDROCORTISONE
With respect to the effect of medication on the type of school education we relied on the medical history taken by the researcher on the day of hospital visit, where questions about parental and child education were included. It appeared that children treated with DEX needed significantly more often a school for special education (p Ͻ 0.05). Also, the boys showed a clear tendency for the need of special education (Table 2) . In this study, there seemed to be no clear relation between the education of the mother and marital status on the one hand and the need for special education on the other hand.
Neurologic examination and assessment of motor function. As summarized in Table 3 , no differences were detected between groups with respect to the results of the neurologic evaluation, although there is a clear trend for abnormal neurologic examination in the DEX group (p Ͻ 0.095).
In contrast to the behavioral parameters, we did not observe a difference in motor performance between the sexes (p ϭ 0.974) or an interaction between treatment and sex. Although there was no significant difference between the HC and DEX groups, the children of the DEX group had a higher total impairment score than the REF and BMETH groups (p Ͻ 0.01), indicating an overall poorer performance of the DEX group. No significant differences were detected between the HC group and the BMETH or REF group. When analyzing the subscales of the ABC Movement test, the DEX group scored worse on manual dexterity (versus BMETH group: p Ͻ 0.05), 
DISCUSSION
In this study, we found that infants treated postnatally with HC had a similar cognitive and motor neurodevelopmental outcome as a non-GC-treated REF group, whereas postnatally DEX-treated children did worse compared with the REF group, in particular the girls.
There is increasing evidence that the use of DEX in preterm infants has adverse effects on long-term somatic (18, 19) , cognitive (2, 4) , and neuromotor development (2, 8) . For this reason, the American Academy of Pediatrics and the Canadian Paediatric Society advised to limit neonatal GC therapy to exceptional situations (5) . However, despite the potential dangers of neonatal DEX therapy, in some circumstances the use of GC is may be the lesser of two evils (9) . One alternative may be HC, which has a shorter half life, thus reducing the possibility of drug accumulation. We previously documented that HC had a similar clinical effect as to DEX at a lower equivalent dose (13) .
We observed group differences for the TRF but not for the parent ratings on the behavior of the children with the CBCL. Despite the fact that the naming of the subscales suggests that the same behavioral traits are assessed, this may not be entirely the case. An earlier review of the literature by Achenbach et al. (21) showed the correlations between TRF and CBCL to be low: 0.28. In our study we observed a higher correspondence, ranging between 0.33 and 0.42, between the questionnaires filled out by the mothers and the teachers. Another explanation of the low correspondence may be that the manifestation of the same behavioral trait of a child depends of specific environmental factors, i.e. a child being a bit shy at school may show this to a much lesser extent in the family situation.
Several authors have debated the predictive validity for long-term behavioral outcome of the child of the parents versus the teacher's reports. In the Dutch situation, Verhulst et al. (22) found the TRF to be more predictive for long-term outcome than the CBCL, which supports the reliability of our findings with respect to DEX effects in the long run.
One limitation of the study is its retrospective nature. However, the HC and DEX groups were matched for gestation and illness severity. Despite the fact that children in the REF and BMETH groups had a higher birth weight and were larger, more mature, and less ill, HC-treated children did not differ from these groups in neurodevelopment. DEX-treated children had a significantly worse neuromotor outcome. Additionally, our study suggests a better behavioral outcome in neonatally treated HC 7-10-y-old girls compared with their DEX-treated counterparts.
To our knowledge, no gender differences have been reported up to now in relation to outcome after neonatal DEX treatment. It has been reported that girls derive greater benefit than boys from antenatal GC treatment (23) . The reason why the preterm girls in our study seem to be relatively more affected by treatment with dexamethasone than their male counterparts remains therefore to be elucidated. Murphy et al. (24) demonstrated that DEX-treated infants showed a substantial loss of gray matter at 40 wk of age. No study is available as yet that describes volume magnetic resonance imaging (MRI) data for HC-treated children at 40 wk of age. Recently, however, Lodygensky et al. (25) described a cohort of HC-treated preterm infants from our NICU who had a volume MRI at 8 y of age. It appeared that prematurely born children treated with HC had similar gray and white matter volume in comparison to untreated prematurely born children (25) . In a recent study in children at school age, who had neonatally been treated with HC, our group did not find changes in magnetic resonance spectroscopy-measured metabolism of the hippocampus in comparison to untreated children. Moreover, short-term memory and IQ were not different from a reference group of children of the same age (26) . It is known that the hippocampus, which plays a critical role in memory (27) , is an important target for glucocorticoids (28) and prolonged use of DEX impairs hippocampal synaptic plasticity and accelerates hippocampal neuronal loss (29, 30) . The lower affinity for GC receptors and a higher affinity for mineralocorticoid receptors in the brain than DEX (20) may be responsible for these observed differences and suggest that HC is a safe alternative for DEX when It has already been established that administration of glucocorticoids via the mother to the fetus reduces risk for neonatal death, respiratory distress and periventricular/ intraventricular hemorrhage (31) . In the present study, we show that no differences could be detected between the antenatal BMETH group on the one hand, and the REF and HC group (except ball skills in the ABC Movement) on the other hand, suggesting that antenatal BMETH therapy alone is no risk factor with regard to behavioral and neuromotor dysfunction at school age. Because we did not observe adverse effects of BMETH, it is not plausible that the effect we observed in the DEX group is partly due to antenatal BMETH. Additionally, HC and DEX did not differ in antenatal BMETH percentage and we nevertheless observed differences between the HC and DEX group.
In summary, the results suggest that girls treated neonatally with DEX have a lower school performance and display more behavioral problems at 7-10 y of age than HC-treated children. In addition, in the present study motor impairment seem to be significantly higher in the DEX-treated group (boys and girls) than in the REF group. HC-treated children did not, however, differ from untreated children except for ball skills, despite the fact that children in the HC group were smaller and had a lower bodyweight at birth compared with the REF group. We therefore conclude that our present results suggest that HC is a safe alternative for neonatal DEX treatment, but this should be confirmed in a randomized controlled study set-up.
